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The tetradentate dianion in the title complex hydrate, 
[Cu(C 2 3H 2g N 2 0 4 )]-H 2 0, provides the Cu 11 atom with a cis- 
N 2 0 2 donor set. There is a significant twist from a regular 
square -planar geometry with the dihedral angle formed 
between the two six-membered CuOC 3 N chelate rings being 
32.14 (8)°. The water molecule forms hydrogen bonds to each 
of the coordinating O atoms of a given complex molecule. 
Supramolecular layers in the be plane are formed in the crystal 
packing through C— H- ■ O and C— H- ■ -n interactions. 

Related literature 

For the catalytic potential of Schiff base complexes of Cu 11 , 
see: Gupta & Sutar (2008); Rayati et al. (2010). For the 
structure of the ligand, see: Ghaemi et al. (2011). For crystal- 
lization conditions, see: Harrowfield et al. (1996). 




H 2 0 



Experimental 

Crystal data 

[Cu(Q, 3 H 2 8N 2 04)]-H 2 0 
M, = 478.03 
Triclinic, PI 
a = 10.4721 (7) A 
b = 10.8023 (9) A 
c = 10.8487 (7) A 
a = 106.699 (7)° 
P = 99.823 (5)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T min = 0.643, r mM = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.037 

wR(F 2 ) = 0.105 

5 = 0.99 

5034 reflections 

285 parameters 



Table 1 

Selected bond lengths (A). 



y = 100.035 (6)° 
V= 1125.37 (14) A 3 
Z = 2 

Mo Ka radiation 
li = 1.01 mm -1 
T = 294 K 

0.40 x 0.40 x 0.20 mm 



11143 measured reflections 
5034 independent reflections 
4332 reflections with I > 2a(l) 
R„, = 0.024 



6 restraints 

H-atom parameters constrained 
Ap max = 0.26 e A~ 3 
Ap mi „ = -0.47 e A~ 3 



Cu-02 
Cu-03 



1.8825 (16) 
1.8776 (15) 



Cu-Nl 
Cu-N2 



1.9597 (17) 
1.9524 (18) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H-A 


D-A 


D-H-A 


Oliv-Hlw-02 


0.84 


2.12 


2.832 (3) 


142 


01tv-H2w ■ 03 


0.84 


2.32 


3.035 (3) 


143 


C7-H7c- ■ Olrv' 


0.96 


2.55 


3.476 (5) 


163 


C16-H16c-02" 


0.96 


2.52 


3.409 (3) 


153 


C14-H14b- ■ Cgl" 


0.97 


2.62 


3.426 (2) 


141 


Symmetry codes: (i) — x 


+ 1, -y, -z; (ii) 


-x+l,-y- 


rl,-Z + l. 





Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 

We gratefully acknowledge practical support of this study 
by K. N. Toosi University of Technology, Islamic Azad 
University (Saveh Branch), and thank the University of 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HG5100). 
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{5,5'-Dimethoxy-2,2'-[l,l'-(2,2-dimethylpropane-l,3-diyldinitrilo)diethylidyne]diphenolato- 
/c 4 0,AyV,0'}copper(II) monohydrate 

A. Ghaemi, S. Rayati, E. Elahi, S. W. Ng and E. R. T. Tiekink 
Comment 

Synthetic copper(II) Schiff base complexes have long been of great interest because of their potential as catalysts in the 
oxidation of various organic compounds (Gupta & Sutar, 2008). In continuation of research in this field (Rayati etai, 2010), 
the title complex, (I), was investigated. 

The tetradentate dianion in the title monohydrate, (I), Fig. 1 , provides a CW-N2O2 donor set, Table 1 . Three six-membered 
chelate rings are formed as a result of coordination of the dianion. The Q1NC3N ring adopts a half-chair conformation. 
While the CUOC3N chelate ring containing the 03 atom approaches planarity with a r.m.s. deviation of 0.03 1 A, the other 
ring displays significant distortions. Thus, the r.m.s. deviation for the 02-containing CUOC3N chelate ring is 0.163 A with 
maximum deviations of 0. 162 (2) A for atom 02 and -0. 159 (1) A for the Cu atom. The dihedral angle formed between the 
two CUOC3N chelate rings is 32.14 (8)° indicating a significant distortion from a regular square planar geometry. Each of 
the methoxy groups is co-planar with the benzene ring to which it is attached as seen in the values of the C7 — Ol — C3 — C2 
and C23 — 04 — C20 — C19 of -0.8 (4) and -179.3 (3)°, respectively. The water molecule of solvation is associated with the 
complex, forming a bridge via its hydrogen atoms between the two coordinated oxygen atoms, Table 2. 

The crystal packing features C — H - O and C — FT -71 interactions, Table 2, that assemble molecules into layers in the be 
plane, Fig. 2, which stack along the a axis, Fig. 3. 

Experimental 

The title complex was obtained by the template method in a branch tube (Harrowfield et ah, 1996). The recently described 
(Ghaemi et ah, 201 1) AyV-bis(2 -hydro xy-4-methoxyacetophenone)-2,2-dimethylpropane- 1,3 -diamine (0.40 g, 1 mmol) and 
copper(II) acetate monohydrate (0.199 g, 1 mmol) were placed in the main arm of a branched tube. Ethanol was added to 
fdl both arms. The tube was sealed and the main arm immersed in an oil bath at 333 K while the other was held at ambient 
temperature. After one week, crystals deposited in the cooler arm. These were filtered off and air dried. Yield: 75%. FT — IR 

data: v(C=N) 1595 cm" 1 . 
Refinement 

The H-atoms were placed in calculated positions (C — H 0.93 to 0.97 A) and were included in the refinement in the riding 
model approximation, with (7j S0 (H) set to 1 .2 to 1 .5 (7 equ i v (C). The water-H atoms were placed in calculated positions (O — H 
= 0.84 A; 1.5C/ e quiv(0) on the basis of hydrogen bonding. 
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Fig. 1 . The molecular structure of (I) showing the atom-labelling scheme and displacement el- 
lipsoids at the 50% probability level. 



Fig. 2. Supramolecular layer in the be plane in (I) sustained by C — Fr- 
actions shown as blue and black dashed lines, respectively. The O — H 
shown as orange dashed lines. 



O and C — H-Jt inter- 
■ O hydrogen bonds are 



Fig. 3. A view in projection down the c axis of the unit-cell contents of (I), highlighting the 
stacking of layers along the a axis. The C — H -0 and C — H -ti interactions shown as blue 
and black dashed lines, respectively, and the O — H - 0 hydrogen bonds are shown as orange 
dashed lines. 



{5,5 l -Dimethoxy-2,2 l -[1,1 l -(2,2-dimethylpropane-1,3-diyldinitrilo)\ diethylidyneJdiphenolato-K^tyN'A 
0'}copper(ll) monohydrate 



Crystal data 

[Cu(C23H28N 2 04)]-H 2 0 

M,- = 478.03 
Triclinic, PI 
Hall symbol: -P 1 
a = 10.4721 (7) A 
b= 10.8023 (9) A 
c= 10.8487 (7) A 
a = 106.699 (7)° 
(3 = 99.823 (5)° 
y= 100.035 (6)° 

V= 1125.37 (14) A 3 



Z = 2 

^(000) = 502 

D x = 1.411 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 5694 reflections 

6 = 2.3-29.3° 

|i = 1 .0 1 mm 1 

T=294K 

Block, dark-brown 

0.40 x 0.40 x 0.20 mm 



Data collection 

Agilent SuperNova Dual 

diffractometer with Atlas detector 

Radiation source: SuperNova (Mo) X-ray Source 



5034 independent reflections 
4332 reflections with I> 2a(7) 
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Mirror R int = 0.024 

Detector resolution: 10.4041 pixels mm" 1 9max = 27.5°, 9 m j n = 2.5° 

co scan A = —12 — >13 

Absorption correction: multi-scan , _ 
(CrysAlis PRO; Agilent, 2010) 

r min = 0.643, r max = 1.000 / = -14-11 
1 1 143 measured reflections 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.037 
wR(F 2 ) = 0.105 

5 = 0.99 

5034 reflections 
285 parameters 

6 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

0.3861P] 



w= V[o 2 (F 2 ) + (0.053 IP) 2 



where P = (F 2 + 2F 2 )/3 
(A/o) max = 0.002 

Apmax = 0.26 e A~ 3 

Ap m i„ = -0.47 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


J I- *IJJ 

^iso ' ^eq 


Cu 


0.48963 (3) 


0.47337 (3) 


0.24182 (2) 


0.04175 (11) 


Ol 


0.04084 (19) 


-0.0426 (2) 


-0.1635 (2) 


0.0746 (6) 


02 


0.40205 (16) 


0.30214(16) 


0.12419(15) 


0.0519(4) 


03 


0.62185 (18) 


0.39699 (17) 


0.30882 (16) 


0.0580 (5) 


04 


0.96607 (19) 


0.3235 (2) 


0.60237 (19) 


0.0702 (5) 


Olw 


0.5646 (3) 


0.1173 (3) 


0.1144 (3) 


0.1143 (10) 


Hlw 


0.4956 


0.1403 


0.0867 


0.171* 


H2w 


0.6121 


0.1815 


0.1794 


0.171* 


Nl 


0.40191 (19) 


0.55577 (19) 


0.12292 (18) 


0.0440 (4) 


N2 


0.54285 (18) 


0.63414 (17) 


0.39652 (18) 


0.0404 (4) 


CI 


0.2881 (2) 


0.2697 (2) 


0.0363 (2) 


0.0429 (5) 
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Atomic displacement parameters (A 2 ) 
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U.UU1 / (1 1) 


0.0207 


(17) 


Nl 


0.0504 (10) 


0.0491 (11) 


A A/1 1 A /A\ 

U.U414 \y) 


U.UzJo (y J 


A A 1 1A /Q\ 
U.U13U {Of 


0.0198 


(8) 


N2 


0.0443 (10) 


0.0368 (9) 


A A/1 1/1 /A\ 

U.U4J4 \ y ) 


A A1 1 A ZO\ 

U.U1 3U (0 ) 


A A 1 AO SQ\ 

U.U lUo (O ) 


0.0154 


(8) 


CI 


0.0449 (12) 


0.0550 (13) 


A A7A/1 /Q\ 

u.uzy4 (y ) 


A A77/1 /I A\ 

U.UZZ4 (1U) 


A AA/1/1 /A\ 

U.UU44 (y ) 


0.0110 


(9) 


C2 


0.0471 (12) 


0.0536 (14) 


A A171 i\ 1 \ 

U.U3 /I (1 1 ) 


A A1 AC /I 1 \ 

u.uiyj (i L) 


A AAA7 /A\ 

u.uuu/ (yj 


0.0099 


(10) 


C3 


0.0486 (13) 


0.0643 (16) 


A A/117 n 7\ 
U.U43 / (IzJ 


A A1 /l/l /I 7"\ 

U.U144 (1ZJ 


A A A 1 A nn 1 ! 
U.UU1U (1UJ 


0.0087 


(12) 


C4 


0.0521 (15) 


0.087 (2) 


A A C 1 C ( 1 C\ 

U.U J J J 


A A1 71 /I C\ 

U.U1 /3 (13) 


A A 1 17 /I 
U.U 13 / (1ZJ 


0.0185 


(15) 


C5 


0.0559 (15) 


0.0807 (19) 


A AC A/1 /I A\ 

U.UJU4 (14) 


A A1A7 /I /1\ 

U.U3UZ (14) 


A A A 1 A /I 7\ 

U.UU1U (IzJ 


0.0283 


(14) 


C6 


0.0480 (12) 


0.0607 (15) 


A AI/IO (\ A\ 

U.U34S (1UJ 


A A7C/; /1 1 \ 
U.UZJO (1 1 ) 


A AA/;i /^Q\ 

U.UU03 (y j 


0.0178 


(10) 


C7 


0.0662 (18) 


0.0586 (17) 


U.Uoo (z ) 


A AAA 1 /I C\ 

u.uuy 1 (i->) 


a AA71 n c\ 
U.UU / I (loj 


0.0059 


(16) 


C8 


0.0545 (13) 


0.0627 (15) 


A A/1 aa /in 
U.U4UU (11 ) 


A A1AO i\ 7\ 

U.UJUo (1Z) 


A A1 11 ( 1 A\ 

U.U133 (1UJ 


0.0251 


(11) 


C9 


0.0762 (19) 


0.079 (2) 


U.UOOO (1 1) 


a A17/1 /1 /:\ 
U.U3Z4 (10) 


A A A/1 A / 1 /1\ 

U.UU4U (14J 


0.0419 


(16) 


CIO 


0.0565 (14) 


0.0581 (15) 


A ACC.1 /I A\ 

U.UjjJ (14J 


a at 17 n 1\ 
U.Uzl / (Iz) 


A A 1 A/1 /I 1 \ 

u.uiy4 (ii ) 


0.0313 


(12) 


Cll 


0.0610 (14) 


0.0421 (12) 


a acq/; /I 4\ 
U.UjVO (14J 


A A7 11 /in 
U.UZ 11 (1 1 ) 


a ai /;c /1 
U.UlOJ \\--L) 


0.0242 


(11) 


C12 


0.087 (2) 


0.0629 (17) 


A A77A { 1 A\ 

u.u / /u (iy) 


A A/1 /l/l i \ &\ 
U.U444 (loj 


A A 1 7A 1 1 £\ 

u.ui /y (lOj 


0.0274 


(15) 


C13 


0.084 (2) 


0.0560(16) 


A AO 1 
U.U51 (Z) 


A AA71 ^1 C\ 
U.UU 1 i ( i J) 


AA1/^C/17\ 
U.UlOJ (1 /j 


0.0320 


(15) 


C14 


0.0522 (13) 


0.0409 (12) 


A A/1 07 /I 7\ 

U.U4oz (IzJ 


A A1 07 / 1 A-i 

U.Ulo / (1UJ 


A AI /:a ( 1 A-i 

u.uioy (iuj 


0.0136 


(10) 


C15 


0.0487 (12) 


0.0373 (11) 


A A/1 a/; / 1 1 \ 

U.U4U0 ( 1 1 ) 


A AA/1 1 /^l A\ 
U.UU41 (1UJ 


A AAQO / 1 A\ 

u.uuyo (iuj 


0.0113 


(9) 


C16 


0.086 (2) 


0.0412(13) 


A AC 1/1 /I /1\ 

U.UM4 (14) 


A A1 1Q /I 1\ 


A AA7/1 /^l 1\ 

U.UU24 {lJ) 


0.0066 


(11) 


C17 


0.0414(11) 


0.0394(11) 


a A/i 11 n n 
U.U411 (11) 


A AA17 /A\ 

u.uu j / (yj 


A AA7 1 

u.uuzi (yj 


0.0136 


(9) 


C18 


0.0568 (14) 


0.0482 (14) 


A A A 7 A / 1 1\ 

0.0470 (13) 


A AA1 /C /1 7^ 

0.0036 (12) 


A AAA7 /I 1\ 

-0.0092 (11) 


0.0069 


(11) 


C19 


0.0554 (15) 


0.0667(17) 


0.0531 (14) 


0.0070 (13) 


-0.0161 (12) 


0.0173 


(13) 


C20 


0.0406 (12) 


0.0599 (15) 


0.0524 (13) 


0.0119 (11) 


0.0003 (10) 


0.0252 


(12) 


C21 


0.0434 (12) 


0.0536 (14) 


0.0422(11) 


0.0174(10) 


0.0060 (9) 


0.0169 


(10) 


C22 


0.0400(11) 


0.0478 (12) 


0.0378 (11) 


0.0098 (10) 


0.0018 (9) 


0.0157 


(9) 


C23 


0.082 (2) 


0.099 (2) 


0.077 (2) 


0.056 (2) 


0.0146(17) 


0.0381 


(19) 



Geometric parameters (A, °) 



Cu— 02 


1.8825 (16) 


C9— H9C 


0.9600 


Cu— 03 


1.8776 (15) 


C10— Cll 


1.538 (3) 


Cu— Nl 


1.9597(17) 


C10— H10A 


0.9700 


Cu— N2 


1.9524 (18) 


C10— H10B 


0.9700 


Ol— C3 


1.358 (3) 


Cll— C13 


1.528 (4) 


Ol— C7 


1.428 (3) 


Cll— C14 


1.535 (3) 


02— CI 


1.316(3) 


Cll— C12 


1.538 (3) 


03— C22 


1.312(3) 


C12— H12A 


0.9600 


04— C20 


1.361 (3) 


C12— H12B 


0.9600 


04— C23 


1.412(4) 


C12— H12C 


0.9600 
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I'M , T . TT 1 ... 

Ulw — Hlw 


a q Ann 
U.04UU 


Ulw — 1 IZw 


a o a aa 
U.04UU 


JN 1 — Co 


l.Zyo (3) 


JN 1 — C1U 


1 A £Q / 1\ 

l.4oy '3 J 


JNZ — CI J 


1 am n\ 
1.3 1U (3) 


XT') p 1 /i 
JN Z — C 1 4 


1 A (1\ 

1.400 (3 ) 


p i /"") 

CI — CZ 


1.4UU '3 ) 


/ • i p/: 

CI — Co 


1 /I T 1 /I \ 

1.4Z1 (3) 


p-> PQ 

Cz — C3 


1 1*7/1 

1.3 /4 (3) 


Cz — HZ 


U.y3UU 


C3 — C4 


1 iqa 
1.3vU (4 ) 


p/i ( ' < 
C4 — Cj 


1 1 CI (A \ 

1.3j3 (4) 


P/1 I I A 

C4 — 114 


U.V3UU 


PC p /: 

CD — Co 


1 /i in /">\ 
1.4ZU (3) 


PC TTC 

Cj — Hj 


a omn 
U.V3UU 


p/r no 

Co — Co 


1 a cn //l \ 

l.4jy (4) 


CI T47 A 


U.70UU 


C7 — H7B 


0.9600 


C7 — H7C 


0.9600 


C8 — C9 


1.511 (3) 


C9 — H9A 


0.9600 


C9 — H9B 


0.9600 


r\i n,, n.o 
U3 — CU — U2 


87. /0 ( /) 


n.1 n,, \n 
U3 — CU — IN 2 


m in /"7\ 
93.30 ( /) 


n.o n,, \n 
U2 — CU — JN2 


1 £ 1 nn /o\ 
161. 99 (5) 


r\i n,, mi 
U3 — CU — JN 1 


1 c/: no /o\ 
156.0y (6) 


*~ii r^n mi 
U2 — CU — JN 1 


Q1 11 Cl\ 

y i . 13 (/) 


\n n,, \r1 

JN2 — CU — JN 1 


no /o\ 
yS.05 (5) 


i~ii m7 

CJ — d — C / 


i m /o\ 
1 1 /.2 (2) 


r^i /"ii r^n 
CI — U2 — CU 


1 0£ ^1 /" i /i \ 
120.33 (14) 


C22 — U3 — CU 


125. U3 (1_>) 


non n./i ni 
C20 — U4 C23 


116.3 (^2) 


iilw — Ulw — H2w 


10 /.4 


no mi nn 
Co — JN 1 — CIO 


m /i -7 / 1 n\ 

123.4 / (iy) 


no Ml n,, 

Co — JN 1 — CU 


126.32 (1 /) 


fin m i n,, 
CIO — JN 1 — CU 


106.06 (14) 


pi r MO m /I 

CIS — JN2 — C14 


i2i.y2 (iy) 


ni c \n n„ 
CI J — JNz — CU 


12 /.62 (1 J) 


n 1 /I M1 n,, 

C 1 4 — JN 2 — CU 


inn m z' i \ 

ioy.y3 (14) 


n.o n n 
U2 — CI — C2 


116.13 (iy) 


n.o m n/: 
(J2 — CI — Co 


124.1 (2) 


/ ni n/r 

C2 — CI — Co 


i iy. / (2) 


n n ni 
CJ — C2 — C 1 


121. / (2) 


ni no uo 
CJ — C2 — H2 


119.1 


CI— C2— H2 


119.1 


Ol— C3— C2 


124.5 (2) 


Ol— C3— C4 


116.1 (2) 


C2— C3— C4 


119.4 (3) 


C5— C4— C3 


119.7(2) 
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C 1 3 — hi 1 3A 


U.yoUU 


Z" 1 1 1 TJ1 ID 

C13 — hll3r> 


u.youu 


C13 — hll3C 


u.youu 


/~i 1 /) TJ 1 /I A 

C14 — hll4A 


n n*7riZi 

u.y /UU 


C14 — hll4r> 


n n*7ZiZi 

u.y /UU 


C 1 J — C 1 / 


1 /ICO /1\ 

1.4 jo (3) 


C 1 J — C 1 o 


1 cn m 
1 .J 1Z {3 ) 


pi/: TT 1 /T A 

C 1 0 — rl 1 oA 


u.youu 


C 1 0 — rl 1 or> 


u.youu 


ni /; Tj i /./' • 

Clo — rlloC 


u.youu 


C 1 / — Czz 


i /in /t\ 
1.412 (3) 


C 1 / — C 1 0 


1 /I 1 A 

1.414 (3) 


cio — civ 


1 1 CO //I \ 

1.3jy (4) 


pi O Till) 

C 1 0 — rl 1 0 


u.y3uu 


pin pin 

civ — czu 


1.3o/ (4) 


pin i i 1 (\ 

ciy — my 


U.y3UU 




L.J / J yDf 


C21 — C22 


1.411 (3) 


C21 — H21 


0.9300 


C23 — H23A 


0.9600 


C23 — H23B 


0.9600 


C23 — H23C 


0.9600 


C13 — Cll — C10 


1 m a /")\ 
1U/.4 (Z) 


pn nil pin 

C14 — Cll — C10 


1 1 A A 1 Z 1 0\ 

11U.41 (lo) 


nn nn pn 
C13 — Cll — C12 


1 1 A T /')\ 

110.3 (2) 


m a mi mo 
C14 — Cll — C12 


106.3 (2) 


mn m 1 mi 
C10 — Cll — C12 


1 1 m /o\ 
110./ (2) 


m 1 mo unA 
Cll — C12 — H12A 


1 nn £ 

ioy.5 


nil niT TJi td 

Cll — C12 — H12h5 


1 nn £ 

ioy.5 


unA mo ui id 
ti 1 2A — C 1 2 — H 1 IB 


1 nn £ 

ioy.5 


mi mi unn 
Cll — C12 — H12C 


1 nn ^ 

ioy.5 


miA nn unn 
H 1 2A — C 1 2 — ti 1 2C 


1 nn ^ 

ioy.5 


ui id n 1 1 unn 
ti 1 Id — C 1 2 — ti 1 2C 


1 nn £ 

ioy.5 


nn nn unA 
Cll — CI 3 — H13A 


1 nn £ 

ioy.5 


nil nn miD 
Cll — CI 3 — HI 3d 


1 nn £ 

ioy.5 


H 1 3 A — C 1 3 — ti liti 


1 nn ^ 

ioy.5 


m 1 mi tj 1 1 n 
Cll — C13 — H13C 


1 nn ^ 

ioy.5 


tj 1 1 a nn unn 
ii 1 3 A — C 1 3 — H 1 3C 


1 nn £ 

ioy.5 


ui id n 1 1 unn 
ii 1 its — C 1 3 — ii 1 3C 


1 nn £ 

ioy.5 


mi m a n 1 1 
JN2 — C14 — Cll 


114.24 (16) 


MT n 1 A TJ1 A A 

JN2 — C14 — H14A 


1 no "7 
106. / 


nn nn jji/ia 
Cll — C14 — H14A 


1 no "7 
106. / 


mo nn m /ir> 
JN2 — C14 — iil4i5 


1 no "7 
106. / 


Cll— C14— H14B 


108.7 


H14A— C14— HUB 


107.6 


N2— C15— C17 


121.6 (2) 


N2— C15— C16 


120.9 (2) 


C17— C15— C16 


117.5 (2) 


C15— C16— H16A 


109.5 
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p r a i i | 

C3 — C4 — hl4 


1 OA 1 

1ZU.1 


PI c pu i i | / n 

C 1 3 — C 1 0 — hi 1 OB 


1 AA C 

iuy.3 


P"} p A T_J /I 

C3 — C4 — hl4 


1 OA 1 

1ZU.1 


hi 1 OA — C 1 0 — hi 1 OB 


1 AA C 

iuy.3 


pi /i nr p/: 

C4 — C3 — Co 


1 oi /o\ 
1Z3.0 (Z) 


pi r pu 1 1 1 /: p 
C 1 3 — C 1 0 — hi 1 0C 


1 AA C 

iuy.3 


P/i pc TIC 

C4 — C3 — hi 3 


1 1 o o 

1 lo.Z 


UUA pu it 1 /. p 

hi 1 OA — C 1 o — hi 1 0C 


1 AA C 

iuy.3 


Co — C3 — tlD 


1 1 o o 
1 lo.Z 


i 1 1 z;r> pu u 1 /; p 

hi 1 0B — C 1 0 — hi 1 0C 


1 AA C 

iuy.3 


PC /-i/: ni 

CD — Co — C 1 


| | f o /o\ 

113.0 (Z) 


POO P 1 *7 p 1 o 

CZZ — C 1 / — C 1 o 


I U 1 /o\ 

110.3 (Z) 


PC p /" rio 

CD — Co — Co 


1 OA H ZO\ 

1ZU. / (Z) 


poo pn pk 
CZZ — C 1 / — C 1 3 


1 O/l A1 ( 1 A\ 

1Z4.43 (iy) 


P i /-i/: no 

CI — Co — Co 


1 oi o /o\ 
1Z3.Z (Z) 


pio pn pi c 
C 1 0 — C 1 / — C 1 3 


1 1 O Tt ZO\ 

ny.3 (Z) 


Pi1 P*7 I I "7 A 

Ul — C/ — hi /A 


1 A A C 

iuy.3 


pia pio pn 
ciy — Clo — CI / 


1 Ol 1 /o\ 

1Z3.1 (Z) 


Pi1 PO TJID 

Ul — C/ — hl/B 


1 AA C 

iuy.3 


P1A PIO I I 1 O 

c i y — C 1 o — hi 1 o 


HOC 

115.3 


I I "7 a PO I I "7 D 

hi /A — C / — rl /B 


1 AA C 

iuy.3 


pn pio 1 1 1 o 
C 1 / — C 1 o — hi 1 o 


no ; 
115.3 


r\ i PO i T "7 p 

Ul — C/ — hl/C 


1 AA C 

iuy.3 


P 1 O P 1 A PO A 

c i o — c i y — czu 


1 1 A A ZO\ 

ny.y \i) 


m a po 1 n p 
hi /A — C / — hi /C 


1 AA C 

iuy.3 


pio pia 1 1 1 n 

cio — ciy — hiiy 


1 OA 1 

1ZU.1 


hi /B — C / — hi /C 


1 AA C 

iuy.3 


p^n pia 1 1 1 n 

czu — c i y — hi i y 


1 OA 1 

1ZU.1 


\ti po p/: 

JN 1 — Co — Co 


1 O 1 1 /o\ 

1Z1.1 \L) 


Pi/1 POA P0 1 

U4 — CZU — CZ 1 


1 O/l *7 ZO\ 

1Z4. / (Z) 


Mi no pn 

jn i — Co — cy 


1 OO A ZO\ 

1ZZ.U (Z) 


Pi/1 POA p 1 A 

U4 — czu — c i y 


IK f p)\ 

1 13.3 (Z) 


p/" po 

Co — Co — cy 


1 1 iC Ct /o\ 

no.y (Z) 


POI POA p 1 A 

cz i — czu — c i y 


1 1 A *7 /0\ 

ny. / (Z) 


pq /-in i m a 

Co — cy — hiyA 


1 AA A 

iuy.4 


p o p. P0 1 POO 

CZU — CZ 1 — CZZ 


1 OA A ZO\ 

izu.y yl) 


po pa i m i) 

Co — cy — hiyb 


1 AA A 

iuy.4 


POA PO 1 TTO 1 

CZU — CZ 1 — hlZ 1 


1 1 n 

ny.o 


1 in a pn i I n I) 

hiyA — cy — hiyB 


1 AA C 

iuy.3 


poo poi i n i 
CZZ — CZ 1 — hlZ 1 


1 1 A £ 

i iy.o 


pq pn 1 i n p 

Co — cy — hiyc 


1 AA £ 

iuy.o 


Pil POO PO 1 

U3 — CZZ — CZ 1 


1 1 C /I /o\ 

113.4 (Z) 


I m A PA I IIU' 

hiyA — cy — hiyc 


1 AA C 

iuy.3 


Pii poo pn 
U3 — CZZ — CI / 


1 O/l £ /o\ 

1Z4.0 (Z) 


hiyB — cy — hiyc 


1 AA C 

iuy.3 


P0 1 POO P 1*7 

CZ1 — CZZ — CI / 


1 1 A AC C\ A\ 

ny.y3 (iy) 


xt 1 pin pi i 
JN 1 — C 1 U — C 1 1 


i i o Ti /1 n\ 

113. Z3 (iy) 


Pi/i poi i m a 
U4 — CZ3 — hlZ3A 


1 AA C 

iuy.3 


xji pin H10A 

IN 1 V 1 U 1 1 1 Urt 


1 OR Q 


f)A poi hH'lR 


1 HQ S 

1 U7.J 


Cll — CIO — H10A 


108.9 


H23A — C23 — H23B 


109.5 


Nl — CIO — HI OB 


108.9 


04 — C23 — H23C 


109.5 


Cll — CIO — H10B 


108.9 


H23A — C23 — H23C 


109.5 


H10A — CIO — HI OB 


107.7 


H23B — C23 — H23C 


109.5 


C13 — Cll — C14 


111.8 (2) 






p.. PiO p i 

U3 — Cu — UZ — C 1 


1 *70 O ZO\ 
1 /O.O (Z) 


r^/: r^o \n 
C5 — C6 — Co — JN 1 


1 "7/1 A /0\ 

1 /4.U (Z) 


\n p, , pio ni 
JN Z — Cll — UZ — C 1 


Of i pj\ 

o3.3 (3) 


1 f^C f^Q Ml 

CI — C6 — Co — JN 1 


— 13.1 (3) 


XT1 P.. PiO /—i 1 

JN 1 — Cll — UZ — CI 


Tf 1 pj\ 

— Z3.1 (Z) 


f^z r^c r^Q r^n 

C5 — C6 — Co — cv 


-7.1 (3) 


PiO / • PiO POO 

UZ — Cu — U 3 — CZ Z 


1 CO o /o\ 
-130.0 (Z) 


1 f^c f^Q r^n 
CI — C6 — Co — CV 


1 £C o /o\ 

103.O (Z) 


ATI Pi, Pil POT 

JN Z — Cu — U 3 — CZ Z 


1 o /o\ 

3.2 (2) 


r^Q \T1 pin pi 1 

Co — JN 1 — C10 — Cll 


1 AO 1 /"]\ 

lUo.3 (3) 


XT1 Pi, Pil PT) 

JN 1 — Cu — U3 — CZZ 


113.0 (2) 


Pn Ml PIA P11 

CU — JN 1 — C10 — Cll 


H & C\ ZO\ 

— /O.U (Z) 


Pil P.. Ml PC 

U3 — Cu — JN 1 — Co 


1U4. / (3) 


M 1 rin nil pn 

JN1 — C10 — Cll — C13 


1 CO 1 /o\ 

13o.l (Z) 


PiO p, , m 1 PO 

UZ — Cu — JN 1 — Co 


1 /.0 (2) 


mi pin P11 rn 
JN 1 — C10 — Cll — C14 


1 £ A PJ \ 

30. U (3) 


XTO Pi, XT1 PO 

JNZ — Cu — JN 1 — Co 


— 145.2 (2) 


M 1 rin P11 PIT 

JN 1 — C10 — Cll — C12 


O 1 /I /o\ 

— ol.4 \l) 


pj-> p,, xt 1 pin 
U3 — CU — JN 1 — C 1 U 


— /U.O (2) 


P 1 C TVTT P 1 A P 1 1 

C15 — JN2 — C14 Cll 


1 1 1 o o\ 

113.0 (Z) 


Pio p, , mi pin 
UZ — Cu — JN 1 — C 1 U 


-15 /.6 / (15) 


p,, p 1 a pi 1 
CU — JN2 — C14 — Cll 


OO i /o\ 

— 11.5 yl) 


MO P, , XT 1 P1A 

JNZ — CU — JN 1 — C1U 


3y.2o (15) 


P11 P11 P1/I Ml 

C13 — Cll — C14 — JN2 


*7C O 

— /3.0 (3) 


Pil p, , XTO PI C 

U3 — CU — JN Z — C 1 3 


—2.0 (2) 


pin P11 ru mt 
C10 — Cll — C14 — JN2 


ai n (i \ 
43. / (3) 


ni P , , TvTO p| f 

02 — Cu — JN 2 — C 1 5 


90.1 (3) 


pn P11 pi/i mt 
C12 — Cll — C14 — N2 


1 £0 O 

163.8 (2) 


Nl— Cu— N2— C15 


-160.20 (19) 


CI 4— N2— CI 5— CI 7 


172.1 (2) 


03— Cu— N2— C14 


-176.04 (14) 


Cu— N2— CI 5— CI 7 


-0.6 (3) 


02— Cu— N2— C14 


-83.4 (2) 


CI 4— N2— CI 5— C16 


-7.6 (3) 


Nl— Cu— N2— C14 


26.38(15) 


Cu— N2— CI 5— C16 


179.70 (18) 


Cu— 02— CI— C2 


-163.66 (16) 


N2— CI 5— CI 7— C22 


4.5 (4) 
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p,, p.^ p 1 p/: 
CU — <Jz — C 1 — Co 


lo.l (3) 


C 1 6 — C 1 5 — C 1 / — Czz 


1 *7C *7 

"I / J. I {!) 


p.^ p 1 po pi 
(Jz — C 1 — Cz — C J 


—1 /o.j (Z) 


JNZ — CIS — CI / — C18 


-1 15.1 (2) 


p/: pi pi pi 
Co — C 1 — Cz — C3 


-0.2 (3) 


pir p 1 "7 no 
Clo — CO — CI / — C18 


6.0 (3) 


p-7 r\\ pi p*-) 
C / U 1 vj CZ 


-0.8 (4) 


Czz — C 1 / — C 1 0 — C 1 y 


2.6 (4) 


p~7 p.1 pi p^i 
C / — (J 1 — C3 — C4 


1 *7A O (1 \ 

1 /y.o (3) 


pi r p 1 "7 no nn 
CIS — CI / — C18 — CIV 


1 *7A A 

—i /y.u (Z) 


pi pi pi p.1 
C 1 — CZ — Cj — (J 1 


-loU.U [A) 


ni no nn pta 

c i / — c 1 8 — c i y — Czu 


1.4(4) 


pi po pi p^i 
C 1 Cz C J C4 


-U.o (4) 


/t>1 r\A nft p^> 1 

Cz3 — (J4 — CzU — Cz 1 


2.8 (4) 


r^i r^/i 
U 1 — Cj — C4 — CD 


—1 ly. 1 (3 J 


Cz J — <J4 — CzU — C 1 y 


1 "7G "2 /"J A 

—i /y.3 (3 j 


po /""i p^i pc 
Cz — C3 — C4 — CD 


u.y (4) 


no pin p'l/i P./1 

C 1 8 — C 1 y — CzU — (J4 


1 *7A 1 /">\ 

1 /y.z (Z) 


pi p^i pc p/; 
C3 — C4 — C5 — Co 


-0.4 (5) 


no pin pnn pni 

c 1 8 — c i y — Czu — cz i 


-2.9 (4) 


r^/i r"^ r*t. 

C4 — CD — Co — C 1 


-0.3 (4) 


r\A r^OA f'Oi rn 
U4 — CzU — Cz 1 — Czz 


1 /O.U (Z J 


p^i pc p/: pq 
C4 — C5 — Co — C8 


1 /3.1 (3) 


pin PTPi PT| PT> 

C 1 y — CzU — Cz 1 — Czz 


0.3 (4) 


p.^ p 1 p/; pc 
(JZ — C 1 — Co — C5 


1 /o.o (Z) 


Pi, P.1 PT> PT1 

Cu — (J i — Czz — Cz 1 


1 /o. /o (lo) 


p^ pi p/; pc 
Cz — CI — Co — C5 


A *7 /I \ 

0.7 (3) 


p,i p.i pt> pn 
CU — (Ji — CzZ — CI / 


-U.o (4) 


r\"\ pi p/; po 

Oz — C 1 — Co — C8 


5.6 (3) 


pnn pti PT1 P.T 

CzU — Cz 1 — Czz — (J 5 


-175.6 (2) 


C2— CI— C6— C8 


-172.6 (2) 


C20— C21— C22— C17 


3.9 (4) 


CIO— Nl— C8— C6 


172.0 (2) 


CI 8— CI 7— C22— 03 


174.3 (2) 


Cu— Nl— C8— C6 


-2.9 (3) 


CI 5— CI 7— C22— 03 


-4.0 (4) 


CIO— Nl— C8— C9 


-6.9 (4) 


CI 8— CI 7— C22— C21 


-5.1 (3) 


Cu— Nl— C8— C9 


178.26 (18) 


CI 5— CI 7— C22— C21 


176.6 (2) 



Hydrogen-bond geometry (A, °) 



D—R-A D — H 

Olw— Hlw-02 0.84 

Olw— H2w-03 0.84 

C7— IHc-Olw' 0.96 

C16— H16C-02" 0.96 

C14— HMb-Cgl" 0.97 



Symmetry codes: (i) -x+1, -y, -z; (ii) -x+1, ~y+l, -z+1. 



R-A D-A D—H-A 

2.12 2.832 (3) 142 

2.32 3.035 (3) 143 

2.55 3.476 (5) 163 

2.52 3.409 (3) 153 

2.62 3.426 (2) 141 
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